Abstract. The production of direct photons has been investigated in reactions of p and 160 projectiles at 60 and 200 A 9 GeV with C and Au nuclei. Photon and rc ~ spectra have been measured in the pseudorapidity range 1.5<t/<2.1 for the transverse momentum region 0.4GeV/c<pr<2.8GeV/c employing the lead-glass spectrometer SAPHIR. An upper limit of 15% at the 90% confidence level for the direct photon signal relative to the neutral pion production is obtained from the comparison of measured photon spectra with Monte Carlo simulations of the hadronic background based on the reconstructed yield of rc ~ and ~/ mesons. Consequences for a possible phase transition to a quark-gluon plasma are discussed.
0.4GeV/c<pr<2.8GeV/c employing the lead-glass spectrometer SAPHIR. An upper limit of 15% at the 90% confidence level for the direct photon signal relative to the neutral pion production is obtained from the comparison of measured photon spectra with Monte Carlo simulations of the hadronic background based on the reconstructed yield of rc ~ and ~/ mesons. Consequences for a possible phase transition to a quark-gluon plasma are discussed.
Introduction
In a first series of experiments with 200 A.GeV 160 ions on heavy targets it has been shown that high energy densities are created up to values where a transition from hadronic matter to a quark-gluon plasma may take place [,1]. Out of various signals for detecting this deconfined state, direct photons are considered to be among the most promising since they interact only via the electromagnetic force and therefore leave the reaction zone undisturbed by the hadronic environment. Direct photons have already been measured in p + p and p + A reactions at high transverse momenta (pT>3 GeV/c) [-2] where a Now at: KVI, University of Groningen, NL-9747 AA Groningen, Netherlands b University of Tennessee, Knoxville, TN 37996, USA they arise from single hard processes and are calculable by perturbation theory [3, 4] . In the case of a quarkgluon plasma, direct photons are expected as thermal radiation [5] [6] [7] in the region below pr ~ 3 GeV/c, where hard scattering processes have been shown to become small. At very low transverse momenta (Pr < 0.4 GeV/c) a substantial yield of bremsstrahlung from charged particles may occur [8] which distorts the detection of thermal direct photons. The present experiment was performed in order to explore the possibilities of direct photon detection in the Pr region 0.4 GeV/c < Pr < 2.4 GeV/c and in the environment of high multiplicities of up to several hundreds of particles per reaction. Since most of the photons arise from ~o and q decays, a careful investigation of these photon sources and other neutral meson and baryon decays is required. In our experiment, the finely granulated lead-glass detector SAPHIR allows the invariant mass reconstruction of ~o over the whole Pr range and of q in a restricted one.
Experimental
The results presented in this paper were derived from the following detector components of the WA80 setup [9] : the highly segmented lead-glass calorimeter SA-PHIR [10], the uranium scintillator sampling calorimeter at zero degree ZDC (<0.3 ~ [,11] , and the streamer tube multiplicity arrays (SAM, LAM, MIRAM) [-12 ]. SAM and LAM cover the solid angle of SAPHIR. In addition the transverse energy was measured by a lead/ iron scintillator sampling calorimeter located at mid-rapidity (MIRAC) [13] . The calculation is shown as a function of the kinetic energy of the no for symmetric (solid line) and asymmetric (a=0.6, see (2), dashed line) no decays. The experimental data are obtained for symmetric decays using a Gaussian and polynomial function to fit the mass spectra SAPHIR is located at a distance of 342 cm from the target and measures photons from 0.2 to 20 GeV in about one sixth of the azimuth ~o in the pseudorapidity range 1.5<q<2.1. The detector consists of 1278 SF5 lead-glass blocks. The analysis of the photon and neutral pion spectra is restricted to the cuts in azimuthal and polar angles. As the details of the SAPHIR detector have been published elsewhere [10] , only the performance characteristics relevant for this analysis will be described here. In calibration measurements with an electron beam the calorimeter energy resolution was measured to be: ae = 0.4% -~ 6%
(1) E ]/E/GeV" A position resolution of 5 mm for an angle of incidence of 15 degrees at 10 GeV/c was obtained by comparing the reconstructed shower position with the incident electron position measured by a delay line wire chamber. Using these resolutions the expected no mass resolution is shown in Fig. 1 for symmetric (solid line) and asymmetric (dashed line) decays. The observed no mass resolution during the operation of the calorimeter at the CERN SPS is also plotted in Fig. 1 . Due to the effect of overlapping showers in the high particle multiplicity environment of heavy-ion reactions the observed width is slightly worse than expected from the calibration data.
An effective energy resolution of (7~/E,.~ 8.6%/~E/GeV and a position resolution of 5.9 mm at 10 GeV/c is obtained by a fit to the experimental data.
A maximum nonlinearity in AE/E of 2.3% for photon energies above 0.5 GeV/c has been derived by investigating the variation of the no mass peak position as a function of one photon energy as discussed in detail in [10, 14] . For the following analysis the streamer tube arrays with pad readout are used as a charged particle veto detector for SAPHIR. Each layer of streamer tubes detects a charged particle with an overall efficiency of 85% and hence an efficiency of ~ 98% is achieved for a logical "or" of the two layers. Assuming the origin of the charged particle in the target the measured position is projected onto the front surface of SAPHIR. Therefore, energy measured in a cluster of SAPHIR modules can be marked by a charged particle veto flag. In Fig. 2 energy spectra of neutral and charged particles from 200 AGeV 160 + Au reactions are presented. This figure clearly shows a minimum ionizing peak at 540 MeV photon equivalent energy in the charged particle spectrum which is absent in the neutral particle spectrum and confirms the high veto efficiency.
Trigger requirements
An event has only been accepted, if the following conditions were fulfilled: 9 less than 88% of the total projectile energy is deposited in the ZDC (for t60 beams but not for p beams); 9 at least one charged particle is recorded by LAM or MIRAM (1.2 < q <4.4).
With the beam intensity of ~ 10 6 ions per spill, an effective spill length of 3.5 seconds, and a target thickness of 186 mg/cm 2 for C (corresponding to a thickness of 0.2% in units of interaction length 21n0 and 250 mg/cm 2 for Au (0.1% 21nO it was favourable to apply three additional trigger conditions to enhance the statistics for interesting, e.g. central, reactions. The computer deadtime allowed typically 100 selected events per spill to be written on tape. Two of these triggers enriched the sample of central events relative to more peripheral ones by requiring i) high transverse energy emitted at mid-rapidity and ii) only little energy in the ZDC(~/>6.0). Both quantities are strongly correlated [15] and therefore, these triggers select the same class of events according to their efficiencies and their cut values. The third trigger selected events emitting a photon with a transverse momentum above about 1 GeV/c in the solid angle of SA-PHIR. It was found that this trigger works most efficiently in peripheral events, since central events were already
